A novel series of interesting N- (pyrazol-5-yl) pyridine-3,5-dicarbonitrile, pyrazolo[1,5-a] 
Introduction
Cyanoacetamide derivatives are important precursors in the synthesis of a variety of pharmacologically active compounds and agrochemicals. 1 They were also found to exhibit significant bioactivities as antibacterial and antifungal agents. 2 In addition, they are versatile intermediates for the synthesis of wide variety of various nitrogen-containing heterocycles. [3] [4] [5] [6] Moreover, pyridine derivatives have attracted a continuing interest over the past years as they exhibit diverse biological activities that include antihistaminic, 7 antihypertensive, 8 antiviral, 9, 10 antitumor, 11, 12 and anti-inflammatory agents. 13 Encouraged by the above findings and as a part of an ongoing research program on Michael addition reaction to acrylonitrile derivatives [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] we report herein the results of our investigations concerning the different reactivity patterns of 7-aminopyrazolo [1,5-a] pyrimidin-5-one and cyanoacetamides towards cinnamonitrile derivatives.
Results and Discussion
The reaction of 3-methyl-4-phenyl-1H-pyrazol-5-amine 1 with 3-(3,5-dimethyl-1H-pyrazol-1-yl)-3-oxopropanenitrile 2 in toluene at reflux afforded 7-amino-2-methyl-3-phenylpyrazolo [1,5- 1 H NMR spectrum indicated singlet signal integrated by one proton at δ 4.98 ppm for H6. It also indicated the amino group and aromatic protons as multiplets in the region δ 7.18-7.43 ppm. The NH group appeared as broad singlet at δ 11.02 ppm. It is worth-mentioning that there is literature precedence for similar reaction in a publication by El-Feky et al. 27 (compounds 15a-f therein) and
Warnhoff et al 28 (compound 7d therein).
The reactivity of compound 5 was then investigated in Michael addition reaction towards activated cinnamonitrile derivatives 6a-f. It can be noticed from the structure of compound 5 that there are two nucleophilic centers at which the addition to activated double bond reagent 6 can initiate. These centers are amino group and the enamine β-carbon (H6). Thus, two isomeric products would be probably produced by the reaction of compound 5 with different cinnamonitrile derivatives 6 via routes A and B (Scheme 2). Route A encompasses the nucleophilic addition of β-carbon of the enamine 5 to the activated double bond of 6 followed by cyclization involving the amino group of 5 to give 8-amino-6-aryl-pyrazolo [1,5-a] pyrido [3,2- e]pyrimidine-7-carbonitrile 7. Route B involves the initial addition of the amino group of the enamine 5 to the β-carbon of the activated double bond of 6 followed by cyclization affected by β-carbon of the enamine 5 to form 6-amino-8-aryl-pyrazolo [1,5-a] pyrido[3,2-e]pyrimidine-7-carbonitrile 8. Route A was approved based on literature similarities 29, 30 (cf. scheme 3).
Scheme 2
The reaction of 7-aminopyrazolo[1,5-a]pyrimidin-5(4H)-one 5 with arylidenemalononitriles 6a-f.
It is noteworthy to mention that the delocalization of nitrogen lone pair in the cyclic enamine 5 acquires the β-carbon negative charge 5II. Piperidine acts as a basic catalyst and serves as a carrier for the labile protons affording the carbanion 11, which affects Michael type addition reaction to the activated double bond in compound 6 giving the Michael adduct 12. Compound 12 abstracts the proton again from the basic catalyst giving intermediate 13. Nucleophilic addition of NH to cyano group leads to the formation of the cyclic intermediate 14. Isomerization followed by oxidation gives the final isolable products 7 (Scheme 4).
positions. The 13 C NMR spectrum displays characteristic peaks at δ 14.6 ppm for pyrazole methyl, δ 55.5 ppm for methoxy carbon and amide carbonyl at δ 161.4 ppm besides the other different carbon signals. Furthermore, compounds 7a-c could be successfully synthesized via one-pot reaction of compound 5, aromatic aldehydes (15a-c) and malononitrile (16) (Scheme 5).
Scheme 5
One-pot synthesis of compounds 7.
In an extension to this work, ethyl 5-(2-cyanoacetamido)-1,3-diphenyl-1H-pyrazole-4-carboxylate containing an ester group on pyrazole ring 18 was prepared according to a previously reported procedure 22, 31 
Experimental Section
General. Melting points were measured with a Stuart melting point apparatus and are uncorrected. The IR spectra were recorded using a FTIR Bruker-vector 22 spectrophotometer as KBr pellets. The 1 H and 13 C NMR spectra were recorded in DMSO-d 6 as solvent on Varian Gemini NMR spectrometer at 400 MHz and 100 MHz, respectively, using TMS as internal standard. Chemical shifts are reported as δ values in ppm. Mass spectra were recorded with a Shimadzu GCMS-QP-1000 EX mass spectrometer in EI (70 eV) model. The elemental analyses were performed at the Micro analytical center, Cairo University.
7-Amino-2-methyl-3-phenylpyrazolo[1,5-a]pyrimidin-5(4H)-one (5).
Applying a similar procedure to that previously reported 22, 31 . A mixture of 3-methyl-4-phenyl-1H-pyrazol-5-amine 1 (1730 mg, 10 mmol) and 3-(3,5- General procedures for synthesis of compounds (7a-f) Method A. A mixture of compound 5 (240 mg, 1 mmol) and arylidene malononitrile 6 (1 mmol) was heated at reflux in EtOH (20 mL) containing piperidine (0.2 mL, 2 mmol) for 5 h. The solvent was evaporated at reduced pressure and then treated with aq. HCl (10 mL). The resulting solid was filtered, dried and crystallized from EtOH/dioxane (5 mL, 3:1, v/v). Method B. A mixture of compound 5 (240 mg, 1 mmol), aromatic aldehyde 15 (1 mmol) and malononitrile 16 (66 mg, 1 mmol) was heated at reflux in EtOH (20 mL) containing piperidine (0.2 mL, 2 mmol) for 5 h. The solvent was evaporated at reduced pressure and then treated with aq. HCl (10 mL). The resulting solid was filtered, dried and crystallized from EtOH/dioxane (5 mL, 3:1, v/v). -6-(4-chlorophenyl)-2-methyl-5-oxo-3-phenyl-4,5-dihydropyrazolo[1,5-a]pyrido[3,2-e Amino-2-methyl-6-(4-nitrophenyl)-5-oxo-3-phenyl-4,5-dihydropyrazolo[1,5-a]pyrido[3,2-e -2-methyl-5-oxo-3-phenyl-6-(p-tolyl)-4,5-dihydropyrazolo[1,5-a]pyrido[3,2-e 5-(2-cyanoacetamido)-1,3-diphenyl-1H-pyrazole-4-carboxylate (18) . Employing a similar procedure to that applied for compound 5. A mixture of ethyl 5-amino-1,3-diphenyl-1H-pyrazole-4-carboxylate 17 (3070 mg, 10 mmol) and 3-(3,5-dimethyl-1H-pyrazol-1-yl)-3-oxopropanenitrile 2 (1960 mg, 12 mmol) in dry toluene (30 mL) was heated at reflux for 3 h. The crude isolated product was purified by crystallization from ethanol.
Yellow General procedure for synthesis of compounds (20a, 20b, 20d and 20e) . A mixture of compound 18 (375 mg, 1 mmol) and arylidene malononitrile 6 (1 mmol) was heated at reflux in EtOH (20 mL) containing piperidine (0.2 mL, 2 mmol) for 5 h. The solvent was evaporated at reduced pressure and then treated with aq. HCl (0.1 N, 20 mL). The resulting solid was filtered, dried and crystallized from EtOH/dioxane (5 mL, 3:1, v/v). Ethyl 5- (6-amino-3,5-dicyano-2-oxo-4-phenylpyridin-1(2H)-yl)-1,3-diphenyl-1H- [d][1,3]dioxol-5-yl)-4,9-dioxo-1,3-diphenyl-1,4,5,9-tetrahydropyrazolo[4,3-e]pyrido[1,2-a] 
